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Light tensor mesons (T = a2, f2 and K
∗
2 ) can be produced in decays of τ leptons.
In this paper we compute the branching ratios of τ → Tpiν decays by assuming
the dominance of intermediate virtual states to model the form factors involved in
the relevant hadronic matrix elements. The exclusive f2(1270)pi
− decay mode turns
out to have the largest branching ratio, of O(10−4) . Our results indicate that the
contribution of tensor meson intermediate states to the three-pseudoscalar channels
of τ decays are rather small.
1. INTRODUCTION
Tau leptons are heavy enough that their decay products can contain an on-shell spin-2
tensor meson1 (JPC = 2++, see [1]) in the final state. Therefore, the τ → TPντ decays can
provide a unique environment to study the weak-tensor-pseudoscalar vertex in the moderate
energy regime. Measurements of these hadronic matrix elements will be complementary to
the ones involved in the crossed related P → T weak transitions which are accessible only
in the decays of heavy D and B mesons. The hadronic matrix elements 〈T |Jµ|B〉, which
are important in the calculation of semileptonic B → T lν and non-leptonic B → PT, V T
or AT decays, have been calculated in the framework of several effective models of QCD
[2–10]. Manifestly, semileptonic decays provide a cleaner environment to study the weak
PT vertex owing to an exact factorization of the decay amplitude, while the non-leptonic
amplitudes receive contributions from different terms of the effective weak hamiltonian and
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1 Hereafter, P , V , A and T will denote the lowest lying pseudoscalar, vector, axial and tensor mesons,
respectively.
2a factorization approximation is usually assumed in some calculations (for an extensive
literature on the subject see [2–13]). From the experimental side, a few measurements or
upper limits about some of these B meson decay channels have been reported so far by
B-factory experiments (results are listed in [1]) and a proper account of the measured rates
is still the subject of current investigations. Conversely, tensor mesons produced in τ lepton
decays have been scarcely investigated at the theoretical level and, from the experimental
point of view, only the upper limit B(τ → K∗2(1430)ντ) < 3× 10−3 has been reported in [1].
As it was discussed in [14], if it was observed, this decay mode would require the existence
of exotic tensor charged weak currents.
As is well known, measurements of τ decays involving two or more pseudoscalar mesons
have shown the presence of several intermediate resonant states which populate the different
hadronic invariant-mass spectra [15–17]. Indeed, these hadronic spectra have been useful
to determine the properties of ρ, ρ′, a1(1260) and K
∗ resonances in a clean environment
(see discussion in [15]). Recently, both BaBar and Belle collaborations have reported refined
measurements of τ decays into three pseudoscalar mesons which include either pions and/or
kaons [16, 17]. Since tensor mesons undergo sizable decay rates to two pseudoscalar mesons
in a d-wave orbital configuration [1], one may expect that T mesons give a contribution to
three-pseudoscalar τ lepton decays via the τ → P1T ∗(→ P2P3)ντ decay chain; eventually, we
would be able to extract the τ → TPντ rates from the relevant hadronic spectra as it was
done recently to extract the branching fractions for the τ− → φπ−ν, φK−ν,KK∗ν [16, 17]
decay modes from data on the three-pseudoscalar channels of tau decays.
In this paper we study the TP channels that are kinematically allowed in τ lepton decays.
Most of the popular effective models of QCD at low energies do not make predictions for the
weak PT vertex in the energy region relevant for τ decays. Here we use a meson dominance
model where the weak and strong coupling constants are determined from other independent
decay processes (see for example [18] for an application to τ → (ω, φ)πν decays). We find
that the branching fractions for the τ → Tπν channels under study are of the order of
10−6 ∼ 10−4 and therefore, intermediate tensor resonances give a small contribution to the
rates of three-pseudoscalar final states. Eventually, the large data sample of τ+τ− pairs
accumulated by B-factory experiments would allow to extract the rates of tensor mesons
produced in τ lepton decays.
2. A MESON DOMINANCE MODEL FOR τ → Tpiν DECAYS.
Let us consider the τ−(p1)→ T (pT )π(p)ντ (p2) decay, where T denotes an on-shell tensor
meson; analogous decays involving a kaon or η meson are (almost) forbidden by kinematics.
3The decay amplitude for this process is given by:
M(τ → Tπν) = GF√
2
VuDu¯(p2, s2)γµ(1− γ5)u(p1, s1)〈T (pT )π(p)|Jµ(0)|0〉, (1)
where VuD (D = d or s) is the uD entry of the Cabibbo-Kobayashi-Maskawa matrix and
Jµ(0) is the corresponding V − A weak current.
The hadronic matrix element 〈Tπ|Jµ|0〉 can be parametrized as follows [2]:
〈T (pT , ε)π(p)|Jµ|0〉 = ihǫµνφρε∗ναpα(p− pT )φ(p+ pT )ρ − kε∗µνpν
−ε∗αβpαpβ[b+(p− pT )µ + b−(p+ pT )µ], (2)
where h(t), k(t), b±(t) are Lorentz-invariant form factors and t = (pT + p)
2 is the square of
the momentum transfer. The symmetric tensor ε∗µν describes the spin-2 polarization states
of the outgoing tensor meson.
The unpolarized squared amplitude becomes:
∑
pols
|M|2 = 2G2F |VuD|2
[
c1(u, t)|h|2 + c2(u, t)|k|2 + c3(u, t)|b−|2 + c4(u, t)Re(k∗b−)
]
, (3)
where we have defined u = (p1 − p)2, and ci = ci(u, t) are kinematical factors given by:
c1 =
λ
8m2T
{
2tu2 + 2
[
m2τ (m
2
pi −m2T )− t(m2T +m2τ +m2pi − t)
]
u
+
1
2
(m2τ − t)
[−2λ+ t(2m2pi + 2m2T − t)−m2τ (m2τ − t)− 6m2Tm2pi]
+
1
2
m2τ (2m
2
T +m
2
τ − t)2
}
, (4)
c2 =
1
12m4T
{
(λ+ tm2T )u
2 +
[
(t−m2pi −m2T )(λ+m2T t)−m2Tm2τ (t +m2T −m2pi)
]
u
+
1
2
m2T (m
2
τ + 2m
2
pi − 3t)λ+m4Tm2τ (m2τ +m2T − t)−m2pim4T (m2τ − t)
}
, (5)
c3 =
m2τ (m
2
τ − t)
48m4T
λ2, (6)
c4 =
m2τλ
12m4T
{
(t+m2T −m2pi)u−m2T (2m2τ +m2T −m2pi − t)
}
. (7)
where λ = t2 +m4T +m
4
pi − 2tm2T − 2tm2pi − 2m2Tm2pi.
As we have pointed out previously, we resort to a meson dominance model to compute the
form factors in our τ decays (see Figure 1). For definiteness, we will illustrate the method
4τ
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FIG. 1: Intermediate meson dominance graph of τ → Tpiν decays
in the case of the τ → K∗2(1430)πν decay, because in this case all form factors receive
contributions from intermediate t-channel virtual states. In this model we will assume that
the above decay receives contributions from three intermediate states: the pseudoscalar K
and axial K1(1400) mesons which saturate the axial current, and the vector meson K
∗(892)
which contributes to the vector current. Other meson resonances can contribute as well
to both currents; we would expect their corrections to be small since either their strong
couplings to the K∗2π system or their couplings to the weak current are suppressed. Such
additional contributions may be enhanced if their resonance shapes were peaked in the
kinematical domain of τ decays ((mT +mpi)
2 ≤ t ≤ m2τ ), which is not the case.
Within our approximations, the decay amplitude is given by (see Figure 1)
M(τ → K∗2πν) =
∑
R=K, K∗(892), K1(1400)
M(τ → Rν → K∗2πν) . (8)
Using the Feynman rules to compute the above amplitudes and comparing the results
5with Eq. (2), we derive the following expressions for the form factors:
k(t) = −ifK1gK∗2K1pi
mK1
· BWK1(t), (9)
h(t) =
fK∗gK∗
2
K∗pi
2mK∗
· BWK∗(t), (10)
b−(t) =
ifK1gK∗2K1pi
m3K1
· BWK1(t) +
fKgK∗
2
Kpi
m2K
· BWK(t), (11)
b+(t) = 0, (12)
where fX and gK∗
2
Xpi denote the weak and strong coupling constants of intermediate X
states. The Breit-Wigner forms introduced above are defined as BWX(t) = m
2
X/(m
2
X − t−
imXΓXθ(t− tthreshold)), with mX and ΓX being the mass and decay width (which we choose
to be a constant) of the resonance.
In a similar way, we can assume the same meson dominance model to describe the
strangeness-conserving τ → a2(1320)πν decay. Owing to G-parity conservation [19], the
amplitude for the τ → a2πν process will receive contributions only in the vector current via
the following decay chain τ → (ρ(770), ρ′(1450))ν → a2(1320)πν, where ρ′ is the first radial
excitation of the ρ meson. In this case, the only non-vanishing form factor becomes:
h(t) =
fρga2ρpi
2mρ
· BWρ(t) + βBWρ′(t)
1 + β
, (13)
where β denotes the ratio of ρ′ to ρ coupling constants, and it is similar to one defined
in the two-pseudoscalar decay modes (see for example [20]). In the studies of these two-
pseudoscalar decays of τ leptons carried out by ALEPH [21] and Belle [22] Collaborations,
β turns out to be small and almost real: βpipi ≈ −0.15 [21] and βKpi ≈ 0.08 [22], for the
π−π0 and K0π− decay modes, respectively. In our present calculation, we will assume
βa2pi = (±0.2 ± 0.1) as a rather conservative value.
Finally, we also consider the τ → f2(1270)πν decay. In this case G-parity conservation
forbids the contribution of the vector current to the decay amplitude. We assume that the
dominant contributions come from the pseudoscalar and axial resonances by means of the
chain τ → (π, a1)ν → f2πν. We also assume that the mixing angle between the f2(1270)
and f ′2(1525) tensor mesons is such that the f2 is dominantly a (uu+dd)/
√
2 state [10]. The
only non-vanishing form factors in this case become:
k(t) = −ifa1gf2a1pi
ma1
· BWa1(t), (14)
b−(t) =
ifa1gf2a1pi
m3a1
· BWa1(t) +
fpigf2pipi
m2pi
· BWpi(t), (15)
63. DETERMINATION OF THE STRONG AND WEAK COUPLINGS.
In this section we focus on the determination of the strong and weak coupling constants
that appear in Eqs.(9-15). We first consider in more detail the decay widths of the T →
Pπ, V π, Aπ, and A→ V π decays reported in Ref. [1] to determine the strong couplings.
The decay constants for the above decays are defined from the following decay amplitudes
[23], which assume that only one single L-wave configuration contributes to the final states:
M[T (pT , ε) −→ P (pP )π(p)] = gTPpiεµαpµpα (16)
M[T (pT , ε) −→ V (ǫ, pV )π(p)] = gTV piǫµνρσǫµpνV εραpαpσ (17)
M[T (pT , ε) −→ A(ǫ, pA)π(p)] = gTApiεαβǫαpβ (18)
M[A(ǫA, pA) −→ V (ǫV , pV )P (p)] = gAV P (ǫA)µ(ǫV )ν {pA.pV gµν − pνApµV } . (19)
The corresponding decay rates in the rest frame of the decaying particle are:
Γ(T −→ Pπ) = g
2
TPpi
60πm2T
∣∣∣~Pc
∣∣∣5 , (20)
Γ(T −→ V π) = g
2
TV pi
40π
∣∣∣ ~Pc
∣∣∣5 , (21)
Γ(T −→ Aπ) = g
2
TApi
120πm2Tm
2
A
(
2
∣∣∣~Pc
∣∣∣5 + 5m2A
∣∣∣~Pc
∣∣∣3
)
, (22)
Γ(A→ V P ) = g
2
AV P
8πm2Am
2
V
[
m2A|~Pc|5 −
1
4
(m2A +m
2
V −m2P )2|~Pc|3
+
3
4
m2V (m
2
A +m
2
V −m2P )2|~Pc|
]
, (23)
where ~Pc denotes the three-momentum of anyone of the particles in the final state.
In order to extract the decay constant gK∗
2
K1pi we have assumed that the experimen-
tally measured rate of K∗2(pT ) → K∗(pV )π(p2)π(p1) is saturated by the contribution of the
K1(1400) intermediate state through the chain process K
∗
2 → K1(1400)π → K∗ππ. The
dominance of this mechanism is also assumed in other works (see for example [24]). Of
course, we are aware that other intermediate resonances might also contribute (for example
the ρ, σ and f0 resonances in the ππ channel), but either their couplings to K
∗
2K
∗ are small
or forbidden (an alternative view of the problem is discussed in Ref. [25], which considers
that the dominant contribution arises from the gTV V coupling).
We assume isospin symmetry to relate the strong coupling constants for different charge
states in a given channel, and SU(3) flavor symmetry to relate the couplings of vertices
that can not be measured directly to the ones that are extracted from measured rates.
Using these approximations and the measured rates [1] of relevant decays, we obtain the
7following central values: gK∗−
2
K−pi0 = 8.35 GeV
−1, gK∗−
2
K∗−pi0 = 9.02 GeV
−2, gK−
1
K∗−pi0 =
1.95 GeV−1 , gK∗−
2
K−
1
pi0 = 30.6, gK∗0
2
K−
1
pi+
= −43.3, gf2a+1 pi− = 32.3, gK∗02 K−pi+ = 12.94
GeV−1, g
K∗0
2
K∗−pi+
= 12.26 GeV−2, ga−
2
ρ−pi0 = 19.40 GeV
−2, ga0
2
ρ−pi+ = 19.47 GeV
−2, and
gf2pi+pi− = 20.3 GeV
−1. In order to get some of the couplings involving the strange axial
mesons [18] we have assumed a value of θA = 50.8
◦ [10] for the mixing angle of the K1(1270)
and K1(1400) strange mesons. We also note that the value of the f2ππ coupling given
above agrees with the prediction obtained in the Appendix of the first paper in Ref. [25].
We note that the uncertainties associated to these couplings are estimated directly from
their measured masses and rates or, when data was not available, they were attributed a
conservative 20% uncertainty if SU(3) symmetry was assumed in their derivation.
Finally, the values of other relevant inputs to determine the branching ratios of tau decays
have been taken from Ref. [1]. In addition we have set the weak coupling of hadron H− from
τ− → H−ν decays: fpi = (130.7 ± 0.4) MeV, fK− = (159.8 ± 1.5) MeV, fK∗− = (210 ± 5)
MeV, and fρ = (218 ± 2) MeV. On the other hand, we use fa1 = (238 ± 10) MeV in our
calculations and we have taken fK1(1400) = (−139+41−46) MeV from Ref. [10].
4. BRANCHING RATIOS OF TAU DECAYS INTO TENSOR MESONS.
The branching ratios predicted in this work for the τ− → Tπν decays are shown in Table
1. The main uncertainty in the rates of Cabibbo-suppressed channels comes from the large
error bar in the fK1 coupling constant, while the one in the a2π channel is dominated by
the large uncertainty (±50%) that we have attributed to the value of β. Since our model
uses Breit-Wigner forms with a constant decay width and given that the contributions of
higher mass virtual states have been neglected in our calculation of the form factors, further
uncertainties are expected to contribute to the results shown in Table 1. In addition, in our
model we have not considered the contribution of the continuum which can be associated to
a contact (non-BW) term in the weak Tπ vertex. We have not estimated these uncertainties
in Table 1; eventually, the continuum contributions may be large, but they are rather difficult
to evaluate in the meson dominance model like ours in the absence of constraints about such
contact terms.
The branching fractions turn out to be of order 10−4 ∼ 10−6, with the largest rate cor-
responding to the f2(1270)π
− decay mode. Therefore, we can expect that the contribution
of tensor meson intermediate states to the three-pseudoscalar decays of tau leptons is small.
Concerning the results shown in Table 1, we observe that the Cabibbo-favored decay involv-
ing the f2 meson is larger that the one involving the a2 meson because, owing to G-parity, the
former receives contributions from the dominant axial current while the second is mediated
by the vector current only. Similarly, the Cabibbo-suppressed channels are of similar size
as the Cabibbo-allowed a2π decays because the former receive contributions of the vector
and axial currents. In addition to the above dynamical considerations, we should point out
8Tpi mode Branching ratio Comment
K∗−2 (1430)pi
0 (3.7± 2.1) × 10−6
K
∗0
2 (1430)pi
− (4.7± 2.7) × 10−6
a−2 (1320)pi
0 (9.4± 4.8) × 10−6 β = +0.2± 0.1,
(10.1 ± 7.5) × 10−6 β = −0.2± 0.1
a02(1320)pi
− (9.0± 4.6) × 10−6 β = +0.2± 0.1,
(9.5± 7.1) × 10−6 β = −0.2± 0.1
f2(1270)pi
− (5.9± 1.8) × 10−4 f2 pure u¯u, d¯d
TABLE I: Branching ratios for the (Tpi) decays of the τ lepton.
that these Tπ channels are suppressed mainly due to the reduced phase space available in
τ lepton decays.
5. CONCLUSIONS
We have studied and computed the branching ratios of the τ → (K∗2 , a2, f2)πν decays;
we have not considered final states involving kaons or η mesons because either they are
suppressed or forbidden by kinematics. We have used a meson dominance model where the
form factors are dominated by the lowest lying resonances that couple to the Tπ system.
To our knowledge, this is the first study reporting results on these peculiar τ lepton decays.
Beyond probing the tensor-pseudoscalar weak vertex, the processes under consideration can
contribute as intermediate states in τ lepton decays involving three-pseudoscalar mesons.
Owing to G-parity of strong interactions, the rates of the Cabibbo allowed and suppressed
decay channels exhibit an interesting pattern. The Cabibbo-supressed K∗2π channels turn
our to be of the same order as the Cabibbo-favored a2π decays, mainly because the latter
receives contributions only from the vector current. The calculated branching fractions
spread from 10−4 to 10−6, with the largest branching fraction (≈ 6 × 10−4) corresponding
to the f2(1270)π
− final state. Eventually, these decays will be measured from the invariant
mass distributions of the decay products of the intermediate T tensor mesons in three-body
decays of τ leptons, given the large data sample of τ lepton pairs recorded by the Babar and
Belle experiments [26].
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